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1.0 INTRODUCTION 


TRJPRl is an applications program which prints data fran the Mission Planning 
and Analysis Division (MPAD) Common Format Data Tape or Mass Storage (MS) File. 
TRJPRl is used in the analysis of pre-flight data. The output of this tra- 
jectory tape can be useful in running the TRJGNl option in the Thermal Radi- 
ation Analysis System (TRASYS) (ref. 1) and as general background information 
for performing on-orbit Mission Thermal Analysis. 


2.0 DISCUSSION 


Table 1 illustrates the trajectory tape format. Table 2 lists the output 
Items read from the MPAD trajectory tape (ref. 2) and the output that is 
computed using data read from the trajectory tape. MPAD defined look angles, 
Theta and Phi (fig. 1), and TRASYS defined look amles. clock and cone (fig. 

2), are computed from the pitch and yaw look angles (fi'’. 3) located on the 
trajectory tape. These three sets of look annles provide alternate conventions 
for defining, relative to the Shuttle, the Line of Sight (LOS) vectors to the 
sun and planet (earth). 

The MPAD defined Vehicle Coordinate System (VCS) is illustrated in fioures 1, 

2, and 3. The VCS is a rotating, right handed Cartesian System whose origin 
is located at the vehicle's center of gravity. Users generally build their 
models in the coordinate system most yielding to their needs. This coordinate 
system, which may or may not coincide with the VCS, is referred to as the 
Central Coordinate System (CCS) and is user defined. TRJPRl is capable of 
printing clock and cone angles with respect to the VCS, CCS or both via the 
TRJPRl Option and Orient Cards. The clock and cone angles with respect to 
a CCS are defined in fig. 4. No model is offered because it is dependent 
upon the user. 

The TRJPRl Option Card specifies the number of lines of output per logical 
record and whether or not an Orient Card follows. The reason for providing 
the 1 or 2 line option is that there is insufficient space for all related 
trajectory tape data to be included on one line. The most pertinent informa- 
tion to the TRASYS user is on line 1. Line 2 includes other related infor- 
mation but of secondary importance. 

The four possible values for the option card are the integers 0, 1, 2, cr 3. 
Only one option is allowed. Options 0 and 1 print one line of output for 
every logical record on the tape. Optioi 0 assumes the VCS and CCS 
coincide, thus no Orient Card is necessary. Option 1 produces clock and cone 
angles in the CCS and an Orient Card must follow. Options 2 and 3 print two 
lines of output for every logical record. Option 2 assumes the VCS and CCS 
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coincide. Option 3 must be followed by an Orient Card and the clock and 
cone angles with respect to the CCS appear on line 2 (figures 4, 5, 6, and 7). 

The TRJPRl Orient Card consists of six values separated by coninas and/or 
blanks ( ). These values specify the order of rotations and the magnitude of 
rotations necessary to transform the VCS Into the user's coordinate system, 
the CCS. 

The first 3 values of the Orient Card can be any permutation of the Integer 
set |l, 2, 3^. These values represent the order In which the system is ro- 
tateu about the current X, Y, and Z axes, respectively. Hence, if the first 
value Is 3, the system is rotated about the X-axis third. The second 3 
values on the Orient Card specify, in degrees, the ancles of rotation about 
the current X, Y and Z-axes, respectively. The Orient card containinq 3, 1, 

2, 180., 0., 90. specifies rotations of 0° about the Y-axis, 90° about the Z- 
axls and 18C°about the X-axis, respectively (figures 9, 10, 11). The TRJPRl 
Orient card is similar to the last 6 arguments in the TRASYS user subroutine 
Orient. An echo print of the option and Orient Cards is provided before the 
tape data (figures 4, 5, and 6). 

TRJPRl skips he present logical record and reading resumes at the beginning 
of the next logical record if an error occurs while reading the tape. TRJPRl 
defaults the option to 2 If an error occurs while reading the option card. If 

an error occurs while reading the orient card, the option defaults to 0 or 2, 
if the option was 1 or 3, respectively. 

TRJPRl terminates normally after reading a software end-of-file (EOF), hard- 
ware EOF or EOF flag on the tape. The message "CfJO OF TRAJECTORY DATA" is 
printed (figure 8). Example runstreams for executing the TRJPRl program are 
shown in figures 12 through 15. 
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3.0 CONCLUSION 


TRJPRl aesthetically outputs applicable Infomation fr«n a MPAD trajectory 
tape. TRJPRl can be run In batch or demand, reading either a tape or M.S. 
file assigned to unit 10. The Option and Orient Cards are provided to specify 
the nunrt)er of output lines per record and the coordinate system transformations. 
This document offers Instruction for the utilization of Trajectory Print 1 
routine (TRJPRl). 


TABLE 1 SET ? - GENERAL IPJ^JECTORY DATA FOR ASCENT. ENTRY & ABORT 

I nn«n i i , 



ODi>D 



• 

Word 




Description 

1 

T 

SF 

Thif fUg i* iae to a l.O for all record! except 
Che late record where ic la aec co a-l. 

2 


SP 

Spare 


5 

T 

SP 

Year 


U 

T 

SP 

Month 


5 

T 

SP 

Days 

Greenwich mean time (GMT) 

6 

I 

SP 

Hours 


7 

T 

SP 

Minutes 

f 

8 

T 

SP 

Seconds 


9-10 


DP 

Ground elapsed tine from the base time, (Br) 
(nominally liftoff) 

U-12 

T 

DP 

X 



T 

DP 

Y 

Components of vehicle position (Xm) 

15-16 

T 

DP 

Z 


17-i8 

T 

DP 

DX 


19-20 

T 

DP 

DY 

Components of vehicle velocity (Km/sec) 

21-22 

T 

DP 

DZ 


23-2U 


DP 

DVX 

Sensed velocity components (change) over the 

25-26 


DP 

DVY 

Interval between the time of the previous 
record and the present one. (Xm/sec) 

27-28 


DP 

DVZ J 


29-30 

31-32 


DP 

DP 

RGIM 

FGIM 

The glmbal angles with respect to the input 
REFS^WAT. The Euler sequence is yaw, pitch, 
and roll (ZYX). (Rad) 

33 - 51 ^ 

1 


DP 

YGIM 

4 



TiOTES: 


1. GDSD usage shows how data v:'M be used: 

F « flight and simulation support (Attitude Timeline) 

T = testing support (Software Checkout) 

2. Word types are: SP * single precision and DP * double precision 

3. More detailed description and fiaures are provided by FM13(76-131) , 
dated August 19. 1976 
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TABLE 1 SET 1 - GENERAL TRAJECTORY DATA FOR ASCENT. ENTRY & ABORT 


Word 


Type 

• 

Dtteription 



SP 

Oeocentrle rttdlui(lQft) 

36 


SP 

Geocentric deellnetion(Rad) 

' 37 


SP 

Geocentric rlgbt eicenilon(Red) 

38 


SP 

Inertlel velocity vector aegnltude(iOB/see) 

59 


SP 

Inertlel flight path angle (Rad) 

40 


3P 

Inertial azimuth (Rad) 

41 


SP 

Altitude above reference elllpaoid (Fischer 1960 )(se' 

42 


SP 

Geodetic latitude (Rad) 

43 


SP 

Longitude (Rad) 

44 


SP 

Relative velocity vector Bagnltude(Ka/aee) 

45 


SP 

Relative flight path angle (Rad) 

46 


SP 

Relative azimuth (Rad) 

47 


SP 

Right ascension of Greenwich (Rad) 

46* 


SP 

Orbit count • frcui ascending node to ascending node. 
Launch occurs dturing the first orbit. At the first 
ascending node, the orbit count becomes two. For 
orbits where the ascending node becomes 111 -defined 
(small or zero inclination) the first point of Arles 
is used in place of the ascending node. 

49 


SP 

Semimajor axis (Km) 

50 


SP 

Eeeentnelty 

51 


SP 

Xnclinacion :o equatorial plane (Rad) 

52 


SP 

Right ascension of ascending node (Rad) 

53 


SP 

Argument of perigee (Rad) 

54 


SP 

True anomaly (Rad) 

55 


SP 

Orbital period (Sec) 

56 


SP 

Dynamic pressure (Kg/m ) 

57 

1 

i 


SP 

Axial drag force (Kg) 

9 


♦Not Computed, 
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TABLE 1 SET 1 - GENERAL TRAJECTORY DATA FOR ASCENT, ENTRY & ABORT 


G06D 


Word 

56 


UMg# 


59 

60 
61 


62 * 

65* 

64 

65 


66 


SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 


D»tcrlptiCTi 
Nonaal lift fsrca (Kg) 

Vai^t, dy&aaie (Kg) 

Ataotpharic thruit ugnitud«, total (Kg) 


AUotpherie ISP (Sac) 

2 

Vahlela ercas aactlonal araa, dynaaie (Xfi ) 
Shadou Key (Mgatxva*wbra, poaltiva otharuiaa) 


xzx 

XT3f 

m 


Body 

XTX 

YTX 

m 

YTY 

XTZ 

TO, 


Body 

tfatrlx 


ZTX 

m 

ZTY 

ZTZ 

e 

teo 



J Direction coslnaa of the X, Y, Z body axes 
vrt too. 


67 

68 
69 
TO 

71 

72 

73 

74 

75 
76* 

77 * 

78* 

79 * 

80* 

81* 


SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

SP 


m 

YTT 

m . 

ZTX 

ZTY 

ZTZ . 
ROLL 
PITCH 
lAW . 


(TTX • direction cosine of Y body axis with 
respect to the X inertial axis). 


llie vehicle attitudes fron local horizontal 
(LVIi!' . The Euler sequence it pitch, yaw, 
and roll (YZX).! (Rad) 


« 

KLVDOT nie vehicle attitude rates v.'.th respect to 
KiVDOT local horizontal • (Rad/Sec) 

YIVCOT. 


BSI 

PSI 

YSI 


The vehicle attitudes from oolar Inertial 
(SI) reference . The Euler sequence it 
pitch, yew, snd roll (YZX). (Rad) 


*Not computed 
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TABLE I SET I - GENERAL TRAJECTORY DATA FOR ASCENT. ENTRY I ABORT 


Word 


Typ* 

« 

Deaerlptlon 


82 * 


s? 

PLAS 1 

Look aaglca from vehicle to auo (Rad) I 

83 * 


8P 

TLAS J 

(pitch • yew aequeace) 


84* 


SP 

PtAI 1 

Look aaglea fr«n vehicle to center j 

83 * 


SF 

YIAZ J 

of the earth (pitch - yaw aequaace) 

86* 


SP 

xs 

(Rad) 


87* 


SP 

YS 

CMgponenta of the aun (Km) 


86* 


SB 

Z8 

2MU fxZMUX XDftJY XmJZ 

REIS>54AT 

fio 


SP 

rrwiTY 

STABLE YIKUX YIHUY YltdJZ 






KEKBER IZXMJX ZDCOT ZmjZ 


90 


SP 

XIMUY 


M50 

91 


SP 

X2MUZ 

Direction coalnea of the X, Y. and 

98 


SP 

Y2KJX 

Z JHJ axea vrt N50 • (YIMSX 

m 

93 


SP 

Y31«f 

direction eoaine of the Y axia of the 

94 


SP 

TIWZ 

DC7 ays tea with respect to the X 

95 


SP 

Z2H0X 

iMrtlal axis). If a REPSMIAT la not 

96 


SP 

ZIMUY 

specif led. set to identity matrix. 

97 


SP 

ZIMUZ 



98 * 


SP 

iLodc «ncl*« from vehicle to lSRS-1 eetellite (ezi<^ 

99* 


SP 

Imutb • elevation eequeoee). Set 60 a negative one if 




] vehicle - aatelllte line of ai^t occulted. (Rad) 

100* 


SP 

1 Seme aa 98-99 except for TDBS-2 . 


101* 


SP 




102-201 


SP 

Spares (may or may not be zeros) 

• 



*Not confuted 
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TABLE 2 AVAILABLE DATA AND RELATIVE OUTPUT POSITION 


Line DATA ITEM UNITS 


Mission Elapsed Time 

Hours* minutes* seconds 

Mission Elapsed Time 

Decimal hours 

A1 ti tude 

Nautical Miles 

TRASYS Clock Angle w.r.t sun* 

Degrees 

TRASYS Cone Angle w.r.t sun* 

Degrees 

TRASYS Clock Angle w.r.t planet* 

Degrees 

TRASY'j Cone Anole w.r.t planet* 

Degrees 

MPAD THETA Angle w.r.t sun 

Deorees 

MPAD PHI Ang*e w.r.t sun 

Degrees 

>^AD THETA Angle w.r.t planet 

Degrees 

MPAD PHI Angle w.r.t planet 

Degrees 

Shadow Status 

Sun or SHD (shade) 

Orbit Count 

Revolutions 

Hold Mode 

Solar Inertial Attitude 

BETA 

Degrees 

Identity Ch?racter 

H/kt Alphanumeric 

Argument of Perigee 

D^rees 

True Anomaly 

Degrees 

TRASYS Clock w.r.t sun* 

I'earees 

TRASYS Cone w.r.t sun* 

Degrees 

TRASYS Clock w.r.t planet* 

Decrees 

TRASYS Cone w.r.t planet* 

Decrees 

Pitch look angle to suH** 

Degrees 

Yaw look angle to sun** 

Decrees 

Orbital inclination to Orbital Plane 

Degrees 

Right Ascension of ascending node 

Degrees 

Eccentricity 

rl/A 


*C1ock and Cone angle can be in V'^S or CCS 

* 

Euler Sequence Is Pitch* Yaw 
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e = Smallest angle from X-body axis to vector 

<j) = Measured from Z-body axis positively about X-body 
axis to vector projection in Y-Z plane 

Figure 1.- MPAD Theta and Phi look annles. 
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